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1 

fM»Eottfc!r& 20 
«V">Tl!WEAilil±lcl»3P«ft«l«4aYb#y jrAitSr 

is.&mtzx.m&'Sttz.k&wmt-tz, m&tvvj* 30 

rt^fiifS, »*3Sl^M3-<OV>-r^*»l«tc82 

y ^A^f B s«w®it*fe 0 

lf»#Jg5j ff*^175S3©v^i*tL^l«lwfE«© 40 
- > if £ tvfc-^ * * ft 5 ^«fiS;g«#£^fS; 

6 ] BtrlBSin fcmifeS^b^ y <? A SrttS 
i«OSI*5, [0 0 0 1] *TSjt-Sl6lb-CV>5CltSr 

y * ^is as*c<z>k%#&. 50 



#§3 2002-343728 
2 

[f»#*7] MfS^ffiJc^^M^y »^4r*-#-5 
g^O^S**, [0 0 0 1] ^r6j{Cffi|*i,LXio 9 , d>o 
flMB&JKRd*, ?*f*43!l*5> [0 0 0 1] , 
h [111] tt^riRjtcn&iBiftl,-CV>5r 
2>, !S^3Sl7I»S4<OV>-fn^l35^l5^W^b^ , y 

[f»#Jg8] taiE^JS^K»Jp:$^5 0 0 nmKTTjj 
5: i:Sr#»ti-5, l»*«175M3©vi"*v^l«fc 

[Hf#jg 9 ] iwnE*flsjtf y ^^^^(o^ojgi^^ 

l O nma±-efe5 r i Sr»eSi:t3, fMiig 1 3 

im&m i o ] utrgatfagyKDiasas 7 0 o*C£Ur-?*> 

1) a»«t«r»«i,fcafl:^y ^Ajijciart 
«{ y ? Aito**** i 0 %sx± 9 0 %*sst?s> 5 

r b*1&mk-rz>, ft*«175S3<OV^tt^l3S^IE 
[SJt#>g 1 2 ] t8fE^JSm^G a NcD^STffiig-r * 

75H 3 ©v vffu&i 1 ^(ris«©^b^ y ? 

m&m i 5 ] is** 1 75s 3W5 ovvr*uo»-x * 

tC|2tfecO*-ife-e»iitbfcm^Sa'ffc:^y *-i.;e.fc?*=^ 

^y !7^««*#.sxst*^tfr kzwrnt-rz, m. 
<k#v ?M<D&iLm&smm<omi£2>&<, 

mgnkmfcxv ?j*^v?*i'v*f$tM%i&£ y him 

fc«t y J||*ii*ttfc^it?rWUrv^r k %&mk1- 
5, f ft#y ?A^Oxif?^->^;^fiS^ 

[f&3fc3g i 7 ] ^s<z>ii&fsi&£i§i£fc# y f -^^ tr 
dfi^/u^sjgwiE-fifcaegas, i x i o' cm"* giT-e 



(0 0 0 2) 0^ (1 O- l O) lH?#f£ t>M0. 

»ra«i 9] &m<Dmzm&£kmik#» >axw 

^r^^^SSC0teffi®Sd5. IX 10" cm' 2 KT"C 
£>0, ^Otffi©¥±ltt^ 5 0 0/2 m^tel^t? 

[»*«2o] m&m 1 5 ^E*o*j*tej: 9»b*t 

[W** 2 1 ] §9*35 1 5 JcfE<££>;*7 fete £ 9 # S> 
fefiWixio'cm' 2 OTtfcsr^^S 

XjBHpJfny^r^^ — (0 0 0 
2) EeJJFf. (1 0— 1 0) El£f£fcfc:o. 1° KTtfc 

zzt t-rz&tL i,itm{k# y ^viim 

2 3 ] If 1 5 

1 X 1 0* cm" 2 KTT?*tl, ^O, 
^©*B9¥tMfea$. 500/1 m^ffifflfCJbfc 9 % S2p 
B±0. 2 m m^rtiaot V>5 r g 

[000 1] 

[0 0 0 2] 

It&feSW] *Hb#!Jir± (GaN) , SMfe-f 

tfVVJ* (InGaN) , ^Yb^f y £ = £ A 

(GaAlN) ?OGaNM^m *fi»3ft 
K (LED) ^U—lF— *V K (LD) ffl 

[0 0 0 3] G a N5Rft£>«¥S*fl:W:. 'VU*»*j3cft 
H*^±^fc« 0 »ffi£<|SJIHfcSftT^*GaNjSfi 
J:m^r«AJR«ffij**Jfe (MOVPES) 9WaNS: 

[0 0 0 4] ^7r<r3E««. GaN^ffS« 

£\ i^7r-Yr»«JiJc— sffiia-eA i n^g a n<zv* 
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4 

2S^Jg£*L*: (*£§iBg6 3-1 8 8 983) 0 
**4ftM^!/77«l^ Lt»V^:it, GaN 

fcUi<. rHtf^GaNtt, 10 9 -10 ,J 
cm— 2 ^^gfi§:ttTVN5o rZ^PfefS, G a 

[0 0 0 5] iff*^ t7r^7<i:GaN^SMl: 

10 LO (Appl. Phys. Lett. 71 (1 
8) 2638 (1 9 9 7) ) ^ FIELO (Jpa 
n. J. Appl. Phys. 3 8, L 1 8 4 
(1 9 9 9)). ^yrtxt'^^^- (MRS I n 
ternet J. Nitride Semicon 
d. Res. 4S1, G3. 3 8 (1 9 9 9)) t 

20 S:G a 7^ 7;^*t?« 5 i 5 l:f $ r t T?, Tm 
&ffi<Dm&\Zj:9, Ga N*<p<Bffi«*ttl 0 7 cm -2 
#ofc 0 #J;tkF. ^PB^l 0-3 1 2 9 7 1 fC«c, 
[0 0 0 6] 

[«*ftffitf>WJBjK] H9*£<e> E L O £ 

^hoMii, 7thyy^77^ig, 3Ly*fs? 

[0 0 0 7] fittaoftfiftt. ±»<D«$*J«*xe«:K 

t>LDS^^C<hoT?SJ£cDV><ffi^«:^o'rv^^V\ r ' 
40 tLtt. a«#*©fc»^^*^3&*fc5««fc«^««£ 
Ol^gStt, ^IfSGaNtfCl^t, |£A 

(#3;Lf£. J. Crystal Growth 20 
8 (2 0 0 0) 8 04-8 0 8) £r#Bg£iX*:V\> 
[0 0 0 8] 

g a f4m^&(o^^^iy^/u^sm^^n^m^m 

50 [000 9] 



< 4 

5 

*0*^*{£»-*-*^JP:£ It, G a Nj^^±|C^Ji 
[0 0 10] 

a^l^tGaN^l^h7^r^t^g* 
[0 0 1l]*38S!f5)}l GaNxW^i/t;H± 

[0012] IXMStttT i NjgfCte, T i <£> 

T i Ng©^|rl LTT^G a N^rf 30 

<D&mmftmzm#>&*ix. m^xr i nkjlicg a 

'--^ [0 0 13] iO<t5(-ttGaNxtf^^> 

§1*5 ^M^tMtSGaNMit 

ogfi«S«, tHtT*GaN»Mi:a«L«:K 
WSoTV^fcCffifc* T i NR^ftia 9 T i NffiiJb 
5tt, T i N^JiJC^SUfcGa Nnitf^^r^-r/^ 

Att. <Etfc*«a** ixio' cm" 2 . «Tte*-e«Btt 
[0014] tete*«ffi«<ofca?>fctt. t i m&tttfx 
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Njg**fcg|#ittjtoh/CU*V\ ft<-0.1> 1 0 s cm" 2 
_h<£>G a Nj*«tt\ 10-32195 4^#§f§H 

11-26083 5«rr*cae>fc tt v v^<oa*G>»fHJ: 
-craftier. i*»6t>w&d^i ^fctf-maiir 

cDi^^r-f TJbtC^SLfcG a N^fc°^^>>-r/U^ B< t 

[0015] G a N£>J«SSfeWU MOCVDS (^Ttftfe 
. HVPES (/^ K?-f K«C«J**ft) 

[0016] 
[0017] 

Jbtd, MOCVDftt% tmg ( mj ^/lotf y 

^NH 3 trJICtt&LT* TyK^GaNM4 0 0n 

f*A*KJ:te. i 2 0 nmmm\^ft 0 T i 

**»bfcatKOXjftia*p«3e»*«rH 3 KliW. G a 
N^t°^^->-V7^S«_h-C, T i 3* [00 0 1] Jjfolt 

[0 0 18] roSfi^MOCVD^iCAtlt, E 

30 mi n<Dmmm&mvito mDm&mvit£&<ox 

i0«^ofci::5, ^4^-TJ:5{c. TiN 
OlUSfir— ^^«t»S*t % ^JUTiglf* [111] ^fpj 

i Nflt<Z>*ffite W\ 0 . 1 jti mS*^KH«"C«/h*?t* 
l£gHv>-t*S9. T*©GaN»fii:«jSiS-4 0 0 
nm<0^gS^-C#-C. Irl^Z^^^ofcGaNfei 
©M-C, T i NK^tbtltV^ £ 5*«3tT?*> 

[0 0 19] 

f"77-<7CffiSSl±i^ MOCVDSt\ TMGi 
NH, SrigUfti: LT, 7yK-yGaNl2^r400n 
mSILfcSS^fltp r©GaNx^^> t ;l, 
^EJilCl. 4lTil3Sr20nmIfU ^illrMO 

cvD^rtiuAtiT, h 2 £2 o%2g^u*:T>^e^T 

^»*"e. 1 0 50tX3 0min©MI^Lfc o 
£<bf£§l#i^#, WJPrt-e, Til±lCTMGi:7^ 
— X£I1£|.£LT. 1 0 5 0 < C-CGaN^4^:2 vm& 
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[0 0 2 0] #b*XfcG a NxfcT^^/UXffiO*® 

*d^*t«±<^> iftoW5:i 

[0 0 2 1] ^(Dmfc&mK) , *OKfiS:SEM-e*jSl 
Lfc^r^, BlM^f-J:5fc* GaNTifi§2' t»K 
»**hfcai»tt, f<-CifclC«*ltGaNJSit 

mftG a N»4*siias*Lr^^«a^<eorv^si^ 
[0022] s«<o*ffif«ris^ra^s»^-e«*u, « 

HO try hO*«Sr««Ufctr-5, 2xi0 6 |/c 
m 2 #ffi1C>ft< , m&m<DM^G a NMSS« 

[0 0 2 3] roSSoxjiaiHlWSO^Sr^o^ii:^^ 

GaN (0 0 0 2) Slnltfr ^ s> 3r V^fr — ^^)¥fi« 

»ssrtoifrsrasbrt>»8 o s e c> 

(10-10) BBWn**:^*— :/©4MMBt>* X 
«BrtOifr*jB!l3eurt>#9l SOs'eci, 
- ft MAttfr * Ltl^rt jPflBBT? * fee 

[0 0 2 4] £G>*«©»B»3*r, *BB«a6H-4r^ 

±0. 1 m mBrtlCAotV^^ t t?IB tfc. ■ 
[0 0 2 5] 

JifC, MOCVDSt> TMG^NHa «rJKtt& IT, 
T > K— a Nl Sr5 00n m/sg* LrcSfi^it L 

2 5nmIfU dttSrMO C VDJPrtlcAivC. H* 
£2 0%jB^UfcArO«««t>-C. 1 0 5 Otx 1 0m 

M(C 1 0 5 O^X 3 0m i nCOfia^ia^iSbfCo 

T&WMtVX. 1 0 5 0WSi K-7 p GaNlg^2 

[0 0 2 6] #&ftfcG a Nx W*S/t^iSO»B 

*a>**t« Jiofiff ft*ffi:R« fcft-^-cv^r* «rttB 
bfco rtoS«cDXj»lHlJfaS^SrfTofei:r^, GaN 

(0002) w&$r<Dv y*>tr*—zr<D¥mm&. m 

fiffi^ifr^Lt^l20seci:, &&X~m 
EWfWrett, T i N (ill) BOBJffif— ^ fc#LgS 



[0027] rog««:SJ9. *<nmm&TEMT-mm 

ft, *7r>rr**i±lcffiBlto«»ra*ixfcGaN 
g2' ^©±iCTiOgfk;Rl3' ^tx? 

JSftG a NJ■4^ita*i^rv^S«3fi^fto-cv^-5^:^: 
*s»B-C#fc. ffi«t©«»a*ixfc«*«:. TEM?X 

G a NTg§ ^ tt5 1 0' - 1 0 ' 0 c m- J CtSS^t , 1 

o 8 cm -3 s«ic*-e*«»c*^L-cv*fcr i**6. — 

afflB*»rtS*t. TifiGaNjf £9 fclfcte^ 

*O«V^J**T»«»ii*ftfcrfc*WBU*: 0 GaN^ 

Sdiif 5^«:*B-r*ttf, *#3R©3»»a>Jft* • 

[0 0 2 8] ^(Df&Mm^ 1 0 r u n lCt>fcoTSS 
20 ttdS A»-e* S - t fcffeB * *ufc c 
[0 0 2 9] 

immm4i i§2^yfo$git77^7ciss 

JLtC MOCVDfe-C. TMGiNE ^gf^tt, 
TV K— a Nl^rS 0 0 n mj&g UfcSS^rffi^ U 
fc 0 r(OGaNx^^af^;VM±^ MT i 
3 0nmif .U rttSrMOCVDJFrt^AttT, H2 
S:8 0% + NH ) 2 0%OS^WT% 1 05 0tX 
3 0m i nOfSM!:tlt r ^)£K$:-l^(C|l 

9ttju s»«E-es«*®^H 5 1 natottfliftftoB 

30 v^T i NWst?ttv^r ^Sr«BLfcfll, HVPE 
^rttC^U-C. GaN^3 0 0/im«9tf: 6 «*KJfl 
^fcJKtttt* NH, iGaCltfeoto J&K&ftW:. 
«JEE> S«?afSEl 0 5 0tT\ iR&mmZS 0 Mm/h 

[0 0 3 0] #btlfcG a Nxlf^^rv't^StOf ® 

9. ^*OHVPES^<t5Si0 2 SMSEofca 

BB*^*o^— ©SH6^ft< > A&ftXBtttt&ft 
40 oTV^SClfcSrflfcBLfco 

[0 0 3 1] rcoS^Sr^O. ^©iI?rSEMtI^ 
GaNTailBt^SShfcaRtt:, i"^ 
r«rfcmril*UfcGaNlt»"<?«»^< SIvCBD* 
£>_LlCT i Ni^tt¥S4G a N®d5*a$nTV> 

5 k ft o r v * 5 - 1 tmmx # 7t e 
[0032] mm<Dmm&2 5 otic»ttMt« 

7 h^SS:SEM^V^fflttfc^r6, 1X10 
T B/cm r ^' «Att<0»V^GaN*« 
50 »»«3ftS#6ixTV^ri:«r«BUfc. 
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[0033] ^<Dmm<DxM\s}$Tmm*ft<otcbz.z. 

GaN (0 0 0 2) KIh] iff ^ v^^^^ — r/CO^mM 
(10-10) ffilBlJfny^rV^— ^©^«(Bt>, £ 

mmft(D¥z&mfei'Xi>ffii 5 0 s e c 
[0034] ^<Dmm<Dmmm£&. aasmmntm^ 

±0. 1 ^mKrtfcAotV^r itWSLfc. 10 
[0 0 3 5] 

lJbM. MOCVDSX\ TMG <t NH* &M&k b 
7V K-^G a NS 5 1 m m«filfclfi!:fflt 

i 0 2 16^:0. 5/tmtaU 7i-fyV^77^I 
SKiitJs S i Oz RK:<1 \-2 0>kWif\c* 
>f^«OSK*rlitt. GaNjf 5 3r^tfj2^fc 0 
3Mm. v^^0i^7Mmt^o rcDS^E^rHVP 
E*pftMA*U GaCUNE LT, GaN 20 

K2'*iooi*mrt*ifc. *ae, mmm. 

S1 0 5 0X:X% JEfcgj£«J*8 0 nm/hX$>Z> 0 Ga 

«r«V\ *»Si)fc¥aft*ItrJ»oGaNR2 fc*o 

[0 0 3 6] rcoJ:5^Ur#fettfeS«[_bfc, MT 
il3t30nmSfU r *l£:MO C VD^ \t7<tl 
T\ H 2 £5 0% + NH, 5 0%<Om&f5.m*X^ 104 
0tX4 0 m i n (D^MM^M U ^ffiOG a NJ1 2 ' 30 

[0 0 3 7] &fc x ffiBt«r»*tfc»KSrW*HVPE 
rait, T i Ngl-hf-NH, <t G a C 1 trM$l>£ 
U SiH 2 Cl 2 SrKws e yhiLt, 1 0 5 0ttS 
i ^GaNJR4Sr3 0 0 j«xnJ«ftUfco 
[0 0 3 8] #6>ilifeG a N*3BSxlf^^^t^SS 

^aO^Ufc^r^, lXlO'cm" 2 ^*»|C/>*< % ' 
«ffittO*l^G a N**** f^*'>ir^a«^»6*t 

ZfT^tzt ^?>^ GaN (0 0 0 2) BlsIJfn y 

sec, (10-10) DiEI^fn y*^tf*>—7 

<D*mmh, mmmpvozz&mfei-xhmi 1 o s e 

±0. 1 5 / ^ m^l:AotV^§r i*«BLfc. 
[0 0 3 9] 
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[!£&£#! 6] **«5-C?^e>ixfeGaN3itr^*->^w 

^5, T i NJB*S31^»^ix^^^SiX. »Ga 

fc 0 -^CO^^ g^3 0 0/zm^)GaNS^i4S 
ffi4as*§>e>*L*: 0 
[0 0 4 0] *HlfiWtoGa N3itr^^f->^yWS«f^S8 

[0 04 1] ^fetbfcG aNgifgMffi^ ^> 

[0 04 2] 

**^*/USKJt4K v SiCVD^S i a jK6£. 
0. 5#mJHIU 7* h y y^^XSfcJ: 19, S 
i 0*BtK< 11-2 0 >£*PfTfC* h7>f^8Sr 
WW", GaN!4?:8B^ (B8#JfR) 0 «G>«f* 

HVPEWiatl, GaCl^NE &m&k U"C„ 
G a Nl^ 3 0 0 ju mj&fi J*«*«=f±, ^EE, £ 

fiflUCl 0 5 Ott, /£e^«tt8 O jum/htfeS, 
GaNte, r*Ua?)SRSB^>Ga NJi»ca«»jC-fiR*u' 

BB*r«V\ «3|»Wtc:5FSft*ffiS:«poGaNBti*o 

[0043] mtonfz&m<D&m& 2 s o'cicMmisfc 
mmkffim<D&&Wi*x 1 2 o»*^u 

9 X 1 O s ffi/cm a *#^*<, tt4tt0>«V^G 
[0 0 4 4] 

[MkM8] Xffiftl 7-e#btl^GaNx^^rv/^ 

T i Nl^WWfcxyf'V^Sft, Ti.NJBJ: 
n±*©GaNH^ Slit*: 9. ^77^^A5ri: 

ft<«d«*tfco #fe*bfcGaN*e»MR«ftett, Si 

o 2 -?x?&mv>^&]nx^z><Dx, zcD&m&mmw 

d»6W*U -^^^»*:ISfc*U*:. -ton**, f$30 
0 /i m(DG a N^S^i££S4 ##&*Lfc. 
[0 0 4 5] **JS«OG a Nxtr^^fi/t^XSfHi 

-To 
[0 0 4 6] 

[0 0 4 7] *&fc^v>S^7r^r»Ko^@«:, 
[0001] ^ifij (ctfcfriRi) iciaiauTv^sri^a 1 .- 

ttfc^MSi s . [0001] . itJj&Zkfz 
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[ill] f&;fe"rpH£iErp]~i-£> ioCL, JMfcftlzME 
^"CfcSo t77^7Sfifj:, [0 0 0 1] jjfafrhl 

° £Xftx~frti^ *7fitf-i\,^x\,^XhMfr^^K l 

/&£*U::<<fttK TifiGaNl^^fi^It 
<ftSfc#>-C&S 0 &Jgjgl;5W<ftS£, BlSffi 

&&*&^mt£&mxumfr^—t£&m^T^zz t 20 
aNiof^, ^m^is^. &mm<Dttm. mmmgz 

r t teXZ ftv\ 
[0 050] T»GaNJilC»rtS*t*a!B(l^a!*tt, 

^^lOnmiH^^ 2BRSr«l«>-Cj««i-*Ga 

[0051] »b;*f y !>ABt*teffli»sr»^sjiwa3a 
[0052] sESSrW-r^SYk^y *-*bm>*?l*wu 

[0053] #«KKi;flv^&JgiKra\ 

X£>Z> 0 *ff»JCH:. Fe, Ni, Zr, Hf,W, P 
t ft ^PJ/B 

[0054] y 9*m+iz&m*Miitr*itib*> 
%wM<DJLUt: *<D±^m<t#v t>A*j«fii-sxs 50 
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f*> S^I^f^^^^, »««^ffie>'J>ftV^G 
So 

[0 0 5 5] ^#bil5G a N*fe B s xt^ 

^r^t^MS^ftG a N g fi*3lSft««Otefflr«S 
i* N lXlO'cnT 2 «T-Cfc<5ri^a*LV\ r*L 
te. gtt»lX10 8 cm' 2 «fc!>'#V^ ^(Om^L 

[0 0 5 6] *^J(a!)#^Ga NTJMgftacL fcT* 
^r^t^lffiXttG a NS4ieiS«^M 

(0 0 0 2) Jfct^ (10-10) m$TW*>'y*—'7 

<z>3MS* (fwhm) ^*fco. i° SlTX-$>Z>zb& 

a N^S ^ W A&tflfe Ktlft <£> 

0. 1° ^TlU-Sr £f±ftV\, r*tfo^«36SO. 1° i 
GaNMi^6MSfilX10'cm 

ft£o . 

[0 0 5 7] *m9Hz£ ^fetlSGaNiSBfix^ 

=^Vt/«fiiSXttG a N g scmteasK^^B^Pffl 

5 0 0 .nm0ffBIC*>fc9* Sil±0. 2^m 
6ArttcAoTv^ni:^a*UV\ 5 0 0/im^iii: 

ufc * * <D^m *) m u < gut u ^ ? 

[0 0 5 8] 

O 3 tcMOWb S 4Sffi*85gt 5 r t h^imxtb 

Z o 

[0 0 5 9] M g *Sr K-^ Lfc p IG a NXfiOSS 

[0 0 6 0] AJRK*®^. ^ r * * > h^m^r* 
t-Si/y^ ^ft ^7c*S:S5**^:T^ b G a NHtSr* 

[0 0 6 1] ^^^Srfflv^5S*?«ft^HU H««t? 

[0 0 6 2] 

[^^] *»«!Ci:9»?>n«GaNm3B*0^^# 
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[0 0 6 3] 

^tf^^r*>>^ftS«^<Effi*ft«:. G a N U-if- 
£V K Ki§ KH-#» x. & ix 5 i/^o t> <£> t? £> £ 0 

**Wtf)G a N^^ a oihf^arV^/Pj5SgS«0 
Mat^ffitt, «^ELO*tti:*i:t5^^>^ 

*«*#j7?oa&j*xat> « i A/ < ft 

[El i ] *»Wo-*M5«*7j*i\ 

[El 2] **««r^f , 



G a Nxt 9 ^^^ 
[H3J T*i:ftSGaN^^^^V^UJ5KSS«±^ 
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IMS] T&b&ZG alSl=.}fjr*is*/Ujgt&&fc±lz 
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(54) GALLIUM NITRIDE CRYSTALLINE SUBSTRATE AND METHOD FOR MANUFACTURING THE SAME 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for manufacturing a 
GaN single crystalline substrate which is epitaxially grown and has a few 
defect density. 

SOLUTION: A metal film deposited on a substrate having a gallium 
nitride single crystal on its surface, the substrate deposited with the 
metal film is heat-treated to form voids in the gallium nitride crystal on 
the substrate, gallium nitride is further deposited on the substrate having 
the voids in the gallium nitride crystal to bury the voids, and then a 
nearly flat single crystalline gallium nitride film is grown on the metal film. 
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